Objectives: Increased mortality has been documented in older homeless veterans. This retrospective study examined mortality and cause of death in a cohort of young and middle-aged homeless veterans.
Homeless populations are at substantial risk for early death as a result of chronic disorders such as hepatitis and cardiovascular disease. [1] [2] [3] [4] These health problems are in part attributable to the increased exposure of the homeless population to environmental toxins and communicable diseases, chronic stress associated with low socioeconomic status, malnutrition, psychiatric and substance use disorders, and barriers to access to health care. Veterans compose a substantial minority of the US homeless population. Although efforts to reduce veteran homelessness have been somewhat successful, in 2016, veterans composed 11% of the homeless adult US population. 5 To date, however, few studies have explored early mortality among homeless veterans.
Retrospective studies of mortality among homeless veterans with mental illness showed rates that are higher than those of the general population and those of non-homeless veterans with mental illness. 6 Homelessness contributes to years of life lost above and beyond the impact of serious mental illness. 7 Analyses of age differences at time of death from suicide show that homeless veterans who died by suicide were significantly younger than were veterans without a history of homelessness who died by suicide. 8 In a 1-year follow-up of veterans receiving US Department of Veterans Affairs (VA) health care in north Texas in 2010, homeless veterans had a 32.3% increase in all-cause mortality compared with non-homeless veterans. 9 These results were maintained even after controlling for age, race, sex, serious mental illness, substance use, and disease comorbidity.
In the most recently reported study, 10 VA homeless program and health care records were examined in samples of 4775 homeless veterans and 20 071 non-homeless veterans aged 55. The survival rate and causes of death of the 2 groups during an 11-year follow-up period showed that substantially more homeless veterans (34.9%) than nonhomeless veterans (18.2%) died. Homeless veterans were approximately 2.5 years younger at the time of death than non-homeless veterans, and the lowest survival rate (58%) was among homeless veterans aged 60.
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In summary, the few studies of homeless veterans suggest early mortality. These estimates may be biased to some degree, however, because most study samples consisted of veterans who were either identified in records of medical care or enrolled in medical or psychiatric treatment programs. Only the study of older homeless veterans 10 included a study sample of veterans selected solely on the basis of their homeless status. In this retrospective cohort study, we examined mortality patterns in a large sample of young to middle-aged homeless veterans identified solely by their entry into national VA homeless programs. We examined differences between homeless and non-homeless veterans in all-cause and specific-cause mortality, including death by violent means.
Methods
The Homeless veterans are infrequent and inconsistent users of VA health care services. Because of limited data on the use of VA health care services by the homeless sample and community-based care for both samples, no other variables were used to match the groups. Only sex and age were available as covariates in statistical analyses.
The Epidemiology Program of the VA Office of Public Health provided mortality data from the National Death Index maintained by the Centers for Disease Control and Prevention for 2000-2011. We matched records for homeless and non-homeless veterans against the National Death Index files to determine survival status, date of death, and cause of death. For mortality analyses, we calculated time to death as the date of death minus the entry date into the VA homeless program for homeless veterans and the date of first contact for medical care service for the period 2000-2003 for nonhomeless veterans. The follow-up period therefore ranged from 8 to 11 years, depending on the date of entry or first contact. We used International Classification of Diseases, 10th Revision (ICD-10) 13 codes provided in the National Death Index file to determine categories of cause of death (eg, cardiovascular disease). We also determined the specific causes of death for death by suicide and homicide and for other external causes of death. We captured data on death by suicide by using the ICD-10 codes intentional self-harm (X60-X84) and "late effects" (ie, sequelae) of intentional self-harm (Y87.0). We determined death by homicide by using ICD-10 codes X92-Y09. We evaluated descriptive statistics for demographic characteristics of homeless and nonhomeless veterans and univariate statistics for mortality data comparing deceased and surviving veterans.
We used survival table analysis to estimate and plot cumulative survival function curves. A survival curve gives the probability that a person will survive longer than a specified time or period. We calculated hazard functions for homeless and non-homeless veterans using Cox proportional hazards regression analysis. We adjusted all regression analyses for covariates of sex and age. In each regression analysis, we examined the assumption of proportional hazards over time for sex through log (-log) plots of the class survival function and found them to be tenable. We also examined variance inflation factor values for the covariates for indications of multicollinearity. We conducted all analyses using SPSS version 22. 14 
Results

All-Cause Deaths
The mean follow-up period for the study was approximately 10 years (119.7 months). A small difference in mean (standard deviation [ (Figure) . Log-rank tests showed that the overall difference in survival was significant (w 
Categories of Cause of Death
Seven ICD-10 cause-of-death categories comprised most (88.9%) deaths overall, including 87.9% (3431/3905) of deaths among homeless veterans and 89.9% (3725/4143) of deaths among non-homeless veterans: cardiovascular system; neoplasm; external cause; digestive system; respiratory system; infectious disease; and endocrine, nutritional, and metabolic diseases (Table) . In examining the percentage of deaths among all veterans, the covariate-adjusted regression analysis showed an increased rate of death for homeless veterans for all of these categories of causes of death, with hazard ratios ranging from 2.0 to 5.2. The highest hazard ratio (5.2) was for the category of external causes of death; the rate of death attributed to external causes among homeless veterans was more than 5 times the rate among nonhomeless veterans.
Subcategories of External Causes of Death
Further examination of external causes of death showed that 91% of deaths among homeless veterans and 90% of deaths among non-homeless veterans were attributed to 1 of 5 causes of death: suicide, homicide, exposure to prescribed or illegal drugs (accidental overdose), transportation accidents (vehicle and pedestrian), and non-vehicle accidents (eg, falls, drowning). The rate of veteran deaths in the homeless sample was higher than the rate of veteran deaths in the non-homeless sample for each cause of death, with hazard ratios ranging from 2.7 (suicide) to 8.7 (accidental overdose) (Table) .
Discussion
Frequency of all-cause death during the follow-up period was more than twice as high for homeless veterans (16.3%) as for non-homeless veterans (6.4); the associated hazard ratio was 2.9. National mortality statistics estimate that 6.8% of men aged 25-54 die during a time period equivalent to the study follow-up period (10 years). Mortality among homeless veterans was not only higher than among non-homeless veterans, but it was also approximately twice as high as expected based on national mortality estimates. In combination with results of previous work on homeless veterans, these results lend further support to the hypothesis of excess mortality among homeless veterans and provide estimates of mortality risk for this population.
Almost all deaths that occurred during the follow-up period were in 7 cause-of-death categories, and the 3 most common causes of death for both groups (cardiovascular diseases, neoplasms, and external causes) were consistent with the 3 most common causes of death for men in this age group nationally. Notably, death due to external causes was associated with a significant and meaningful proportional increase in homeless veteran mortality compared with nonhomeless veteran mortality. Nearly one-quarter of deaths among homeless veterans were due to external causes, including drug overdose, suicide, homicide, and accidents. Frequency of death by suicide was rare in both groups (0.74% for homeless veterans vs 0.28% for non-homeless veterans) but was associated with a significantly higher hazard ratio for homeless people. National mortality estimates for men in equivalent age ranges show that 0.29% died by suicide during a 10-year period. 15 Death by homicide was also rare, occurring in 0.31% of homeless veterans and 0.04% of non-homeless veterans. Again, this cause of death occurred at a significantly higher rate in the homeless population compared with the non-homeless population. Equivalent estimates of male homicides in specific age ranges are difficult to determine reliably, but the national estimate of deaths for all groups by homicide during a period equivalent to the follow-up period in this study was 0.06%. 16 In summary, homeless veterans die by violent causes at a significantly higher rate than non-homeless veterans or males in general. The pattern of results indicates that this finding is attributable to homelessness above and beyond veteran status.
The rate of death due to drug overdose was significantly higher among homeless veterans than among non-homeless veterans, which was expected given the high rate of drug use in all homeless populations. The rate of death resulting from non-vehicle accidents was also substantially higher for homeless veterans than for non-homeless veterans. Among veterans dying of external causes, approximately 30% died as a result of non-vehicle accidents. One possible explanation for the mortality due to these accidents may be the documented high rate of alcohol and drug use in homeless veterans and the fact that intoxication is associated with death due to accident. 17, 18 This study makes an important contribution to the literature by extending the findings of a previous study on homeless veterans 10 : we showed that increased mortality is characteristic not only of older homeless veterans (aged 55) but also of those in younger age groups. In both age groups, being homeless substantially increased mortality compared with being non-homeless. In addition, death by suicide occurred at a higher rate in the homeless populations in both studies. The most substantive difference in the results of the 2 studies was the role of external causes as a cause-ofdeath category in the younger homeless veterans group.
Strengths and Limitations
A strength of this study was that homeless veterans were not selected from larger samples of veterans composed solely of those with mental health or substance use disorders. Because 35% of homeless veterans do not have mental health or substance use disorders, this study examined mortality in a sample more likely to reflect the actual composition of the homeless veteran population. This study was limited by the fact that data on the homeless veteran sample were not more complete. Thus, we could not conduct analyses that could be adjusted by factors such as diagnosed medical and psychiatric comorbidities, substance use disorders, and use of VA and especially community-based health care services. Although a previous study with a limited sample 9 found a substantial increase in all-cause mortality even after controlling for some of these factors, more accurate estimates in homeless veterans will require more comprehensive adjustments.
Conclusions
Our study and previous studies show that homeless veterans are at increased risk for early death, regardless of age at the time of homelessness. Future studies should use longitudinal approaches to explore not only risk factors but also the impact of long-term housing interventions and health care access on homeless veteran longevity. In the interim, however, data are sufficient to support the consideration of focused treatment for homeless veterans within the framework of VA health care services. The VA Homeless Patient Aligned Care Team program 19 would be a valuable vehicle for this approach, providing facilitated access to care for homeless veterans located in VA facility catchment areas.
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